Introduction
Yttria-stabilized zirconia (YSZ) present a combination of high wear resistance, high toughness and low thermal conductivity which often applied as thermal barrier coatings (TBC) in dies industry [1] . Cyclic process of high temperature liquid flow and solidification in die casting caused various types of die wears such as thermal, erosion and corrosion wear. Thermal wear occurs due to high temperature of incoming liquid metal, while erosion wear is due to rapid velocity and high pressurized incoming metal liquid flow impinged at the die surface. High operating temperature produces gasses which caused hot corrosion to metallic component of die surface [2] .
Plasma spray processing has been widely used to deposit YSZ for TBCs purpose. However, plasma sprayed coatings contain porosity that permits contaminants penetration into surface. Porosity in coatings lead to low hardness properties thus caused degradation, and inefficient thermal insulation and corrosion protection of the TBC system. Previous studies on surface processing indicated laser modification is among the methods for improvement of plasma sprayed TBCs [3] . Laser treatment of YSZ TBCs was conducted to reduce surface roughness of top coat, increase surface hardness and seal open pores [4] . Laser power, pulse duration and overlapping pulses were controllable parameters that can affect fracture strength of the ceramic coating layer [5] .
A small addition of yttria as stabilizer to pure zirconia produce tetragonal phase at temperatures higher than 1,000 °C, and mixture of cubic phase and monoclinic(or tetragonal)-phase atlower temperatures [6] . Plasma sprayed as a rapid solidification process often results in the formation of metastable phases in the deposits [7] . In this paper, metastable with tetragonal phase and phase crystallinity of laser surface modified plasma sprayed YSZ TBC was investigated.
Methodology
A Praxair Plasma Spray System 100 kW with a standard SG-100 Gun was used to deposit yttriastabilized zirconia (YSZ) top coat and NiCrAlY bond coat powders on H13 tool steel substrate. Substrate was cylindrical AISI H13 tool steel substrate of 10 mm (d) x 150 mm (l) dimension. Chemical composition of the coating powders and substrate material is given in Table 1 . 
Fe
Plasma spray parameter settings for bond coat and top coat. While table 2, design of experiment developed for sample 1 and sample 2 to deposit top coat material with 3 factors variation. A 300W JK300HPS Nd:YAG laser with TEM 00 mode was used to modify the YSZ thermal barrier coating surface. In Table 1 , laser power and pulse frequency were varied to produce constant residence time of 0.2 ms. Traverse speed of laser and sample rotation speed was constant at 2 m/min and 58 rpm respectively. The resulted laser energy range to melt the surface was between 0.03 and 0.04 J. X-ray diffraction patterns of the samples were recorded using a Bruker D8 Advance system which provides a shorter wavelength (~0.7Å) than radiation from a copper source (~1.5Å). Microhardness measurements impemented by using MMT-X7 Matsuzawa Hardness Tester Machine with diamond intender were carried out on transverse section with a load of 100gf for both as-sprayed and assealed layers. Figure 1 shows micrographs of coating layers in TBC system of sample 1 and 2. Sample 1 produced a thicker top coat layer of 175 µm. at a higher current setting of 650 A, feed rate of 51.7 g/min and lower stand-off distance setting of 100 mm. At lower current setting of 550 A, feed rate setting of 36.3 g/min and a higher stand-off distance 120 mm, sample 2 produced 85 µm. The laser modified top coat layer in sample 1 has thickness difference of 15% compared to in sample 2. At different laser energy of 0.02 and 0.03 J, the laser modified YSZ resulted in layer thickness of 27 and 31 µm respectively. The surface roughness for as-sprayed sample 1 reduced from 8.2 µm to 6.8 µm after laser surface modification. Whereby, surface roughness of sample 2 reduced from 8.1 µm to 6.2 µm after laser surface modification (LSM). In laser remelting, the surface ceramic coating involves heating, melting and solidification which formed a dense microstructure. The top ceramic coating was not totally remelted during laser modification process and produced a modified coating layer with significant thickness. The YSZ coating surface molten at 119 and 159 W/mm 2 power density, and rapidly solidified as the laser beam moved away, which produced YSZ coating with a lower surface roughness. Power density difference varied the modified layer thickness. Though localized melting occurred on the coating surface, pores in the as-sprayed coating had enough time to rise to the surface [10] . Thus, voids still occurred in the laser-remelted zone. Figure 2 shows X-ray diffraction pattern of as-sprayed YSZ and laser modified YSZ in sample 1 and 2. The pattern shows 100% of tetragonal ZrO 2 phase was detected as the top coating consists of 8 mol% of Y 2 O 3 [7] . In tetragonal phase, the distinct reflections peaks obtained were 
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As-sprayed YSZ in sample 1
Laser modified YSZ in sample 1
As-sprayed YSZ in sample 2 The tetragonal ZrO 2 was stable that no monoclinic phase was found in X-ray diffraction. Earlier researchers has pointed out that tetragonal-ZrO 2 is non-transformable, in the sense that it does not undergo the martensitic transformation to monoclinic symmetry even under stress-assisted [6] . It is interesting to provide thermodynamic/kinetic rationale of the two t-ZrO2 XRD patterns. It can be assume that c-ZrO2 does form in 8wt% materials from the melt and during cooling following LSM YSZ melting, the cooling history is such diffusional decomposition to c-and t-ZrO2 (figure 3) which should occur at temperature below 2000 o C, but it did not occur.
Correlation between surface roughness effect and atom displacement shows that the atom vibration effect on the atom scattering factor (and consequently in relative Bragg peaks intensity), and the surface roughness effect on the relative intensities of Bragg peaks varies with sin θ according to the equation [9] :
where A and B are variable positive parameter, and the function f(sinθ) is 1/sin(θ), with θ = (positions of the step)/2. A higher scattering factor value would increase intensity of Bragg peaks value. Where, the effect is, it will decrease surface roughness value and analogically the decrease of surface roughness value occurs because of more atoms are scattered to produce fine surface finish [9] . 
Conclusion
Laser modified YSZ produced a lower surface roughness of 6.2 µm which provides . An increase of tetragonal Zr 2 O 3 phase crystallinity in laser modified YSZ coating due to surface roughness reduction was analysed.
